To investigate the pattern of care and outcomes for newly diagnosed glioblastoma in Italy and compare our results with the previous Italian Patterns of Care study to determine whether significant changes occurred in clinical practice during the past 10 years. METHODS: Clinical, pathological, therapeutic, and survival data regarding 1059 patients treated in 18 radiotherapy centers between 2002 and 2007 were collected and retrospectively reviewed. RESULTS: Most patients underwent both computed tomography and magnetic resonance imaging either preoperatively (62.7%) or postoperatively (35.5%). Only 123 patients (11.6%) underwent a biopsy. Radiochemotherapy with temozolomide was the most frequent adjuvant treatment (70.7%). Most patients (88.2%) received 3-dimensional conformal radiotherapy. Median survival was 9.5 months. Two-and 5-year survival rates were 24.8% and 3.9%, respectively. Multivariate analysis showed the statistical significance of age, postoperative Karnofsky Performance Status scale score, surgical extent, use of 3-dimensional conformal radiotherapy, and use of chemotherapy. Use of a more aggressive approach was associated with longer survival in elderly patients. Comparing our results with those of the subgroup of patients included in our previous study who were treated between 1997 and 2001, relevant differences were found: more frequent use of magnetic resonance imaging, surgical removal more common than biopsy, and widespread use of 3-dimensional conformal radiotherapy + temozolomide. Furthermore, a significant improvement in terms of survival was noted (P < .001). CONCLUSION: Changes in the care of glioblastoma over the past few years are documented. Prognosis of glioblastoma patients has slightly but significantly improved with a small but noteworthy number of relatively long-term survivors.
tional programs for improving the care of neuro-oncological patients.
The group collected clinical data on patients with high-grade gliomas treated in radiation oncology centers to perform a patterns of care study, evaluating the national standards of practice during the most recent years. The clinical presentations, surgical management, and adjuvant therapies for 1374 patients with highgrade gliomas including glioblastoma multiforme (GBM) and anaplastic astrocytoma treated in Italy between 2002 and 2007 were recorded using a common database. The current study focuses on patients with newly diagnosed GBM.
For many years, surgery and adjuvant radiotherapy (RT) have been the mainstay of therapy for GBM. After publication of the results of several clinical studies and, more recently, of a large randomized multicenter phase III trial performed by EORTC/NCIC (European Organization for Research and Treatment of Cancer and the National Cancer Institute of Canada), 1 concomitant and sequential temozolomide (TMZ) became the standard of care for patients with GBM. The median survival of patients with GBM was 14.6 months in the recently published updated results of that trial. 2 In this study, we investigated whether patterns of practice in Italy have changed in the recent past.
We previously reported the results of the Patterns of Care study of 1722 adult astrocytoma patients (GBM, n = 1235; anaplastic astrocytoma, n = 309; low-grade gliomas, n = 178) treated between 1985 and 2001. 3 In the current study, a second national survey was done to compare current treatment modalities and outcomes of glioblastoma patients with data from the earlier Italian Patterns of Care study. In this retrospective database-driven study of 1059 GBM patients treated in 18 RT centers between 2002 and 2007 we intended to provide a comparison with the previous Italian Patterns of Care study, calling attention to the changes in treatment of glioblastoma over the time period in which data on TMZ efficacy were widely disseminated.
METHODS AND MATERIALS
The Central Nervous System Study Group of AIRO designed a database to collect clinical data on patients with GBM. Several meetings were held with the participating centers to ensure the homogeneity of data collection. The coordinating study center (University of Florence) created and managed the central computerized database. Each participating center sent data forms to the central coordinating center. Queries could be e-mailed from participants to the registry staff for assistance and resolution of the problems. Moreover, periodic meetings with the investigators were arranged to offer assistance in completing the forms. Audits were performed to find omissions or inconsistencies, and registry staff contacted each center to resolve any ambiguities in responses. Only completed and checked data were stored in the central database.
The study was approved by the institutional review board of the coordinating center and of each participating institution. All enrolled patients gave informed consent.
A total of 1059 glioblastoma patients, treated between January 2002 and June 2007 in 18 Italian RT centers, were collected. The contribution of each center to the entire data set ranged from 0.3% to 14.3%.
Detailed data regarding clinical presentation, surgical procedure, pathological specimen, postoperative RT, adjuvant chemotherapy, treatmentrelated morbidity, and survival outcome were recorded in the central database.
Only biopsy-proven pure glioblastoma cases, analyzed by specialist neuropathologists, were included in the study, excluding mixed gliomas with an oligodendroglial component.
Toxicity 
Statistical Analysis
The Kaplan-Meier method was used to estimate overall survival (OS). OS was calculated from the date of surgery until the time of death or last follow-up examination. Survival curves were compared using the logrank test. Multivariate analysis was performed with the Cox regression model. Differences between different subgroups of patients were calculated using the χ 2 test. All analyses were performed using STATISTICA, version 6.0, commercially available software package (Statistica for Windows, Statsoft, Tulsa, Oklahoma).
RESULTS

Patient Characteristics
The median age of patients was 61 years (range 20-85 years) ( Table 2 ). The majority of patients (90.5%) had a single lesion. The most frequently involved site was the temporal lobe (23.6% among patients with a single lesion); in 32.2% of patients, more than one lobe was involved; in less than 2% of patients, 3 lobes were involved.
At the time of diagnosis, the presence of focal deficits was the most frequent symptom (76.3%). Incidental diagnosis, based on imaging performed without neurological symptoms, occurred in only 0.6% of cases. Magnetic resonance imaging (MRI) was frequently used both in preoperatively and postoperatively (78.7% and 54.9%, respectively). Most patients (n = 664, 62.7%) underwent both preoperative MRI and computed tomography (CT), whereas only 35.5% of patients underwent both imaging studies postoperatively before RT.
The median preoperative and pre-RT Karnofsky Performance Status (KPS) scale scores were 70 and 80, respectively. Most of the patients (61.5%) met the criteria for recursive partitioning analysis (RPA) class IV (Table 3) . 4 
Treatment Characteristics
Surgery and Perioperative Therapy
Biopsy was performed in only 123 patients (11.6%), whereas most of the patients underwent craniotomy with removal of the lesion (n = 936, 86.0%) ( Table 4) .
Postoperative imaging was performed in 953 patients (90.0%), 901 of whom had undergone surgical removal. The scans in 710 of these patients (75.9% of cases of surgical removal) were adequate to assess the extent of surgery. For the remaining 226 patients (191 with difficult-to-interpret postoperative scans and 35 without postoperative scans), the extent of tumor eradication was based on surgical report alone (24.1% of patients who had undergone surgical tumor removal).
In 45.8% of the patients, surgery resulted in complete removal (no residual enhancement seen on postoperative CT or MRI or no residual tumor based on surgical reports when no postoperative imaging was available); partial removal occurred in 41%. Carmustine wafers were used in 11 patients, and 2 patients underwent radioimmunotherapy in the adjuvant setting.
Radiotherapy
All 1059 patients received adjuvant RT. Approximately 90% (n = 934) of the patients were treated with 3-dimensional conformal RT (3D-CRT). A total of 163 treatment plans (17.4% of patients treated with 3D-CRT) were based on coregistered CT and MRI. The vast majority of patients (n = 903, 85.3%) were treated with conventional fractionation (1.8 or 2 Gy per fraction, 5 fractions per week), with the median prescribed dose being 60 Gy (range 50-70 Gy). Among the patients treated with hypofractionation (n = 156), 133 patients received 3 Gy for daily fraction with a median total dose of 30 Gy (range 30-45 Gy).
Adjuvant Chemotherapy
A total of 287 patients (27.1%) received RT alone, whereas 749 patients (70.7%) underwent postoperative chemotherapy with TMZ. Concomitant and sequential TMZ was the most frequently adopted chemotherapy schedule (n = 542, 51.2%).
In 77 patients (7.3%), 1 cycle of TMZ (200 mg/mq) was administered before RT according to the design of an ongoing clinical trial. Sixty-four patients (6.0%) received TMZ only during RT, A total of 287 patients (27.1%) did not receive chemotherapy. Among these patients, 192 (66.9%) were elderly. The unsuitability of chemotherapy in 24 of the remaining 95 patients was based on poor prognostic factors that made the aim of treatment palliative. Seventy-one patients were treated exclusively with RT in centers where adjuvant chemotherapy with TMZ was proposed only after the publication of the phase III trial by Stupp et al. In the same group, the 3D-CRT was more often adopted compared with patients treated in the earlier years of the study (χ 2 test, P < .001) ( Table 5 ).
Age and Treatment
Older patients (older than 60 years of age) were more often treated with a less aggressive approach. Surgical removal and 3D-CRT were less frequently used in elderly patients, although differences did not reach statistical significance. At the same time, there was a significant difference in the choice of fractionation and systemic therapy across age groups. Hypofractionated treatment was given to a higher proportion of patients older than 60 years (20.7%) compared with younger ones (8.7%; χ 2 test, P < .001). Only 64% of patients older than the age of 60 years received adjuvant chemotherapy, whereas a larger percentage of younger patients were treated with systemic therapy (82.0%; χ 2 test, P < .001).
Salvage Treatment
Salvage treatment was recorded for 709 patients. After progression, most of the patients (n = 481, 67.8%) were treated with chemotherapy (TMZ: n = 203, procarbazine + lomustine + vincristine: n = 97, fotemustine: n = 78, bleomycin and carmustine: n = 54, other: n = 49). Forty-two patients (5.9%) underwent a second surgery, whereas 10 patients (1.4%) received radiosurgery or hypofractionated stereotactic RT as second RT. One hundred seventy-six patients (24.8%) had best supportive care for the progressive disease.
Survival
For the entire series, the median survival was 9.5 months, and actuarial OS rates at 1, 2, and 5 years were 62.3%, 24.8%, and 3.9%, respectively.
The median follow-up, calculated from the end of RT to last follow-up or death, was 6.5 months (follow-up was longer than 90 days after the end of RT in more than 85% of patients).
Univariate Analysis
Variables selected for survival analysis were chosen from both patient and treatment characteristics (Table 6) .
Patient characteristics significantly associated with a better prognosis included younger age at diagnosis, single lesion, absence of focal symptoms at diagnosis, higher preoperative KPS scale score as well as pre-RT KPS scale score, and lower RPA class.
Treatment characteristics significantly associated with survival included more extensive surgery, use of 3D-CRT, 60 Gy as total At the univariate analysis, treatment time after dissemination of the TMZ efficacy data was related to a better outcome (logrank test, P = .03).
We performed a univariate analysis in the subgroup of patients older than 60 years of age to evaluate how treatment modalities may affect the survival of elderly patients. We found that aggressive treatment (surgical removal, 3D-CRT, conventionally fractionated treatment, and association with chemotherapy) was significantly associated with a better survival rate in the older age group (Table 7) .
Multivariate Analysis
All the variables evaluated for the entire group were assessed using the Cox regression model. On multivariate analysis, 5 variables retained prognostic significance: age (P = .002), pre-RT KPS scale score (P = .01), extent of surgery (P < .001), 3D-CRT (P < .001), and chemotherapy (P < .001). Five variables among those that were significant in the univariate analysis failed to have a significant impact on survival: number of lesions; focal symptoms as presenting symptoms, preoperative KPS scale score, RPA class, and time of treatment (before or after dissemination of the TMZ efficacy data). 
Continues
FIGURE 1. Extent of surgery and survival (log-rank test, P < .001).
Toxicity A retrospective assessment of toxicity was performed. Among patients who received RT alone (n = 287), 26 patients (9.0%) had grade 2 headache, whereas grade 2 or higher worsening of preexisting focal neurological deficit was reported in 51 patients (17.7%) ( Table 8) .
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A total of 338 patients (62.4%) did not show evidence of toxicity during concomitant RT and TMZ. During the concomitant phase, 361 toxic events were recorded. Severe myelodepression (grade 3 or higher) was recorded in 24 patients (4.4%), and, consequently, all these patients prematurely discontinued TMZ treatment; in addition, 10 patients (1.8%) received reduced doses of TMZ for the remaining weeks of treatment because of grade 2 hematological toxicity. In 6 patients (1.1%) TMZ treatment was interrupted because of grade 3 deep venous thrombosis. There were 9 cases of grade 3 elevation of liver transaminases (1.7%).
A total of 115 patients (21.3%) had adverse effects during sequential TMZ treatment, for a total of 301 events. TMZ treatment was prematurely interrupted in 39 patients (7.2%) because of grade 3 or higher hematological toxicity (neutropenia: n = 18, thrombocytopenia: n = 19, anemia: n = 2), whereas 17 patients (3.1%) required a dose reduction of TMZ for grade 2 myelodepression. Seven patients (1.3%) discontinued TMZ because of grade 3 deep venous thrombosis. In addition, severe liver toxicity (grade 3) was reported in 5 cases (0.9%).
The most common nonhematological adverse event during treatment was nausea, reported by 103 (19.0%) and 107 (19.7%) patients, during concomitant and sequential TMZ, respectively. 
Comparison With Previous Italian Patterns of Care Study
In 2006, we reported the results of the Patterns of Care study based on the collaboration of 12 Italian RT centers that collected data over a 15-year period (1985-2001) on a total of 1722 glioma patients, the majority of whom were affected by glioblastoma (n = 1235, 72%). 3 In the current study, the results of a common database that included data on patients treated between 2002 and 2007 are reported. We compared data from the current study with those of the most recent period of the previous Italian study (1997) (1998) (1999) (2000) (2001) to determine whether significant changes occurred in clinical practice during the past 10 years. The differences between these 2 periods of time were assessed with the χ 2 test (Table 9) . In both cases, most of the patients were preoperatively staged either with CT or MRI (61% vs 62.7%, P = .48), but we found a significantly increased use of postoperative MRI (30% vs 54.9%, P < .001) either as the exclusive imaging modality (14.0% vs 19.4%, P = .003) or as complementary to CT scanning (16% vs 35.5%, P < .001). The frequency of biopsies had decreased over time (22% vs 11.6%, P < .001), with the majority of patients undergoing craniotomy. We did not find a significant change in the rate of gross total resection (48% vs 45.8%, P = .49), but in the current series, the extent of surgery was confirmed with postoperative MRI or CT most of the time (75.9% of cases). The majority of patients included in the current series underwent 3D-CRT (26% vs 88.2%), suggesting the general acceptance of CT-based RT and, at the same time, an increased interest in treating glioblastoma patients with more complex techniques. Most of the patients (85.1%) received a conventionally fractionated treatment, whereas there was a slight but significant increase in the proportion of patients receiving hypofractionated RT (10% vs 14.9%, P = .009). The role of chemotherapy in clinical practice has dramatically changed (21% vs 72.9%) since postoperative concurrent TMZ + RT followed by sequential TMZ had become the standard of care for newly diagnosed cases of glioblastoma during the accrual period. Survival of the whole group of patients reported in the previous Italian study (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) significantly differs from the survival of the patients included in the current series (log-rank test, P < .001) In comparing the survival of the subgroup of patients treated between 1997 and 2001 (median OS: 8.1 month, 1-year OS: 31.1%, 2-year OS: 11.6%) with the outcomes in the current study (median OS: 8.1 months, 1-year OS: 62.3%, 2-year OS: 24.8%), we found a significant improvement in terms of survival (log-rank test, P < .001) (Figure 4 ).
DISCUSSION Comparison With Other Patterns of Care Studies
This retrospective study examined patterns of care for newly diagnosed glioblastoma patients in Italy from 2002 to 2007. To our knowledge, it is the largest survey of glioblastoma patients for such a short period of observation. During this time period, the treatment for GBM significantly changed, mostly because RT + TMZ has become the standard of care. Thus, the analysis reflects an important period of change in the multidisciplinary management of glioblastoma.
In 2005, Chang et al 5 reported the results of Glioma Outcomes Project (GOP), a multi-institutional database that monitored clinical practice patterns among North American patients with highgrade gliomas between 1997 and 2000. Stratification of patients according to sex, number of lesions, and seizure as a presenting sign produced results similar to ours (Table 10 ). The age-adjusted incidence was different in the 2 series, with the proportion of patients younger than 40 years being smaller in the current study (9.8% vs 5.4%, P = .002). MRI was the most commonly performed imaging study in both series but was used more frequently in North America than in Italy (P < .001). In the GOP study, www.neurosurgery-online.com SCOCCIANTI ET AL biopsy was less frequently performed (4.6% vs 11.6%, P = .002). Data regarding the extent of tumor removal were not comparable because their study used surgical reports rather than postoperative imaging. Intraoperative chemotherapy with carmustine wafers were used more frequently in the North American study than the current series. The proportion of patients receiving chemotherapy in the GOP survey was much lower than that of the present series. Furthermore, the authors reported that carmustine and lomustine were the most frequently used chemotherapy drugs since results of TMZ phase III trial 1 were published some years after the end of accrual of the GOP survey.
Rosenthal et al 6 recently reported an Australian Patterns of Care survey, examining data for 473 GBM patients among 828 eligible patients with gliomas. In this study, the Victorian Cooperative Oncology Group examined patterns of clinical practice for patients with gliomas (World Health Organization I-IV) over a 3-year period (1998-2000) using a questionnaire developed by a multidisciplinary committee. Their questionnaire was designed to obtain data regarding patient characteristics and therapeutic management, but it did not evaluate number of lesions, presenting symptoms, KPS scale score, and diagnostic imaging procedures. Furthermore, details about RT (technique, total dose, fractionation) were not reported. Comparing their findings in GBM patients with ours, gross total removal was performed less frequently than in our series (31% vs 45.8%, χ 2 test, P < .001), although the authors reported the extent of tumor removal by surgical report alone. Only 86% of patients in the Australian study were referred to a RT center, and only 322 patients (68%) underwent RT. Once again, the main difference compared with our results was the lower rate of adjuvant chemotherapy in the Victorian Patterns of Care (P < .001). In a more recent series, Cher et al 7 specified that the use of concurrent systemic therapy was extremely rare (<1%), whereas 13% of cases performed post-RT chemotherapy.
Survival and Prognostic Factors
Median survival in the whole series was 9.5 months, similar to those of other published Patterns of Care studies (7.4-9.5 months). 5, 8 Two-year OS was higher than what was observed in other Patterns of Care studies (24.8% vs 9%-11%. 3, 8 Survival has statistically improved compared with the previous Italian series 3 and particularly the patients recruited in the last accrual period (1997-2001) (Figure 4) .
Multivariate analysis showed a statistical significance for age, postoperative KPS scale score, extent of surgery, use of 3D-CRT, and use of chemotherapy.
Age was reported to be a significant prognostic factor in several Patterns of Care studies. 3, 8, 9 In addition, postoperative performance data from the previous Italian survey 3 and from the GOP 5 were validated as having prognostic value. Extent of resection has also been shown to be an important factor in determining outcome in all the Patterns of Care studies that performed a survival analysis comparing subgroups of patients treated with different surgical modalities.
3,9,10 Barnholtz-Sloan et al 10 showed an impact on survival that depended on treatment modality, demonstrating an increased risk of death for patients treated with biopsy only, single-modality treatment (vs surgery + RT), or no chemotherapy. Chemotherapy-treated patients also had a better outcome in the previous Italian study. 3 All the parameters selected for multivariate analysis, except the use of 3D-CRT, were associated with a higher survival rate in the recently published analysis of the EORTC/NCIC trial 26981-22981, aimed to derive nomograms for predicting survival of GBM patients. 11 We observed a relatively long-term survival in subgroups of patients with the previously mentioned favorable prognostic factors: 4-year OS ranging from 5.8% to 16.4% (Table 6 ).
Elderly Patients: Prognosis and Treatment
Advanced age, as previously mentioned, was associated with significantly lower survival in other Patterns of Care studies. 3, 8, 9 Younger age has been validated as an independent prognostic factor also in the recently published subanalysis of the EORTC/NCIC trial 26981-22981. 11 Our results confirm that older patients have a worse prognosis. Age proved to be a statistically significant prognostic factor in both univariate and multivariate analyses (P < .001).
We found significant disparity in the adjuvant treatment prescribed across age groups. Patients older than 60 years were treated more often with hypofractionation and without chemotherapy compared with patients 60 years of and younger (P < .001 for both).
Several Patterns of Care studies, some of which specifically focused on elderly patients, showed a significant difference in the use of postoperative therapy in the different age groups. 3, 5, 7, 9, 10, 12 Lowry et al 9 reported that 18% of elderly patients (older than 65 years) diagnosed between 1990 and 1995 received no treatment at all, whereas 13% of cases underwent surgery alone. BarnholtzSloan et al, 10 using the Surveillance, Epidemiology and End Results (SEER) database, identified 1753 cases of elderly GBM patients (older than 65 years) and concluded that age was strongly associated with treatment difference, even among older patients, with very elderly patients (older than 75 years) being more likely to receive limited treatment (surgery alone or RT alone). Lutterbach et al 12 examined a large monoinstitutional cohort of glioblastoma patients (n = 430) and found more frequent use of 3D-CRT in younger patients. The previous Italian study 3 already reported more frequent use of conventionally fractionated RT and chemotherapy in patients aged 60 and younger. Results of the GOP 5 confirmed that patients receiving chemotherapy tended to be younger. Cher et al 7 analyzed the use of chemotherapy in patients who were included in the Victorian Patterns of Care and found that only 15% of patients older than 60 years received chemotherapy. Our series showed that elderly patients undergoing aggressive treatment had a longer survival (Table 7) , which was in accordance with other studies. 9, [13] [14] [15] These findings suggest that old age in itself should not preclude aggressive treatment when feasible.
Toxicity of Adjuvant Treatment
Despite the well-known limits of retrospective toxicity assessment, data regarding treatment-related side effects were collected. All adverse events were recorded and scored according to validated toxicity criteria. RT alone was globally well tolerated. Grade 3 central nervous system toxicity (neurological findings requiring hospitalization) was observed in only 3 patients (1.0%). During concomitant RT + TMZ, most adverse events (n = 322) were mild or moderate (grade 2 or lower), whereas severe toxicity was reported in 39 of 542 patients (7.2%). Fifty-one patients (9.4%) experienced grade 3 or 4 toxicity during sequential chemotherapy. The toxicity profile of RT + TMZ reported in the current retrospective series (and consequently limited by its own nature) was similar to that described in the EORTC/NCIC trial 1 in which grade 3 or 4 hematological effects developed in 7% to 14% of patients during concomitant and sequential therapy, respectively.
Limits and Advantages of the Study
Examining 1059 biopsy-proven pure glioblastoma cases, this series differs from others that included different histological grades 3, 5, 6 or mixed gliomas with an oligodendroglial component 5 as well as patients without histological diagnosis. 6 Details on imaging, surgery (with emphasis on postoperative radiological assessment of surgical extent), RT, and chemotherapy make this analysis comprehensive. Moreover, it is the first survey that includes stratification of patients according to RPA classes and analysis of treatment-related toxicity scored according to validated criteria (while recognizing the limitations of retrospectively assessing toxicity).
The results, although limited by the retrospective nature of the study, may highlight that greater diagnostic and therapeutic resources are now offered to glioblastoma patients. More frequent use of postoperative MRI, for instance, might reflect greater attention to assessing the extent of surgical resection (and its "true" prognostic value) or to better defining RT target volume (using MRI for coregistration in the treatment planning phase). We think that the wide diffusion of postoperative MRI may also reflect the need to have a baseline radiological study for the follow-up, especially for a more accurate assessment of the early response to the treatment (ie, pseudoprogression features).
Even though some of the prognostic factors such as age, KPS scale score, and extent of surgery have been previously reported in literature, this is the first time that the use of 3D-CRT and the role of concomitant and sequential TMZ has been validated in such a large group of patients. This study may be criticized for several limitations. First, the data are limited by the retrospective nature of the study with a high number of censored patients. Second, it included only patients who received RT, excluding patients who had a biopsy-NE UROSURGERY VOLUME 67 | NUMBER 2 | AUGUST 2010 | 457 PATTERNS OF CARE FOR GLIOBLASTOMA proven glioblastoma but were not referred for RT. Third, the lack of biological data, such as O(6)-methylguanine-DNA methyltransferase status, is a consistent limitation of our survey, considering the predictive and prognostic importance of such data. 11, 16 Moreover, the lack of a uniform pathological review remains a drawback of this study. Finally, we did not assess the quality of life of patients with validated tests nor we did collect data on supportive care (eg, steroids, antiepileptic drugs, thromboembolic prophylaxis).
CONCLUSION
This present study provides a benchmark analysis of current patterns of clinical practice and outcomes for patients with glioblastoma. Because of the time period covered (2002-2007), it revealed major changes in GBM patient care, highlighting the greater diagnostic and therapeutic resources that are now available to glioblastoma patients.
The routine use of MRI, the decision to perform a biopsy in only a minority of patients, the more frequent use of 3D-CRT, and the widespread use of chemotherapy represent the most significant changes in clinical practice reported in our analysis. The observed improvement in survival, with a significant proportion of relatively long-term survivors (4-year OS: 6.8%; 5-year OS: 3.9%), suggests that most glioblastoma patients would benefit from aggressive multimodality therapy.
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